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For the first time laser activity has been achieved in the low phonon energy,
moisture-resistant bromide host crystals, neodymium-doped potassium lead
bromide (Nd*:Rb -Brs) and rubidium lead bromide (Nd**:RbPb,Brs). Laser
activity at 1.07 um was observed for both crystalline materials. Laser operation at
the new wavelengths 1.18 pm and 0.97 pm resulting from the *Fs+2Hgn—"1;
transitions (J=13/2 and 11/2) in Nd:RPB was achieved for the first timein a solid
state laser material. Rare earth- doped MPb,Brs (M=K, Rb) is a promising
candidate for long wavelength infrared applications because of its low phonon
frequencies and other favorable features. In principle, Nd*:MPb,Brs has high
potential for laser operation at new wavelengths as well as for the realization of
short-wavel ength lasing due to upconversion processes.

OCIScodes: (140.3380) Laser materials, (160.5690) Rare earth doped materials

Tunable Long Wavelength Infrared (LWIR) Lasers are beneficial compact sources e.g.
for remote sensing in the vibrationa fingerprint region (pollution monitoring), thermal scene
illumination, and infrared spectroscopy in clinical and diagnostic analysis. For this purpose, we
explore the potential of the rare earth doped KPb,Brs (KPB) and RbPb,Brs (RPB) crystals.® In
this paper we report on room-temperature laser operation in KPB and RPB which has been
achieved for the first time in alow phonon energy, moisture-resistant bromide host crystal to our
knowledge. Laser operation in bromide crystals was previously demonstrated in Pr¥*:LaBr; and
PrBr; which are known to be highly hygroscopic.? In this paper laser operation at 1.07 pm is
reported by directly pumping into the *Fy level of a neodymium doped MPB (M=Rb, K) crystal.

Laser activity at the new wavelength 1.18 um resulting from the *Fs;+?Hg—*113, transition in




Nd:RPB was achieved for the first time in a solid state material. In the same crystal laser activity
at the wavelength 0.97 pm resulting from the *Fs/>+Hg/>— *111/» transition was also shown for the
first time. In both cases the upper laser level was pumped directly at 0.81 um.

The host crystals KPB and RPB evidence similar properties to the chloride crysta
KPh,Cls (KPC) (also moisture resistant) but with the added advantage of even lower phonon
energies. To achieve an acceptable quantum efficiency from a given energy level arule of thumb
demands that at least four to six (maxima energy) phonons span the energy gap to the next
lowest level. Otherwise the luminescence is quenched, as is typica for fluorides and oxides
emitting at wavelengths longer than 4 pum (with maximum phonon energies in excess of
500 cm™). With a maximum peak value of ~ 138 cm™ (KPB) and ~ 141 cm™ (RPB)* the phonon
energy is ~ 1.5 times smaller than in KPC (203 cm™)® because of the higher atomic masses of the
vibrating bromine constituent. This minimizes the nonradiative decay due to multiphonon
interactions, in principle permitting lasing in the long wavelength region (e.g. 10 um with dopant
ions like Tb*).! In KPC laser operation has been achieved with the rare earth ions Nd** (1.06
um)*, Dy** (2.43 pm)®, and Er®* (1.7 um, 4.5 um)®.

Single crystals (up to 50 mm long) of KPB and RPB doped with Nd** were grown by the
Bridgman technique from a stoichiometric mixture. Here, evacuated silica ampoules in a double-
zone furnace, providing a temperature gradient of about 20°C/cm were used. KPb,Brs and
RbPb,Brs have different crystal structures. The KPB crysta is biaxia and has a monoclinic
crystal structure. The RbPb,Brs crystal is uniaxial and has a tetragonal crystal structure. For
further information we refer to one of our previous studies.*

The absorption spectra (Fig. 1) taken with a commercia Perkin-Elmer Lambda 9

spectrophotometer show peaks assigned to transitions of the Nd**-ion in KPB and RPB. In these




spectra, absorptions due to long tails originating from the band edges at the shorter wavelengths
have been substracted. In the Nd** doped RPB crystal we observed a strong dependence of
absorption on polarization® which was taken into account during the laser experiments. The
(blackbody corrected) emission spectrum of the Nd:MPB crystals (Fig. 1) was obtained by using
a liquid nitrogen cooled InSh-detector, a %2 m, 1um blaze grating (600 I/mm) monochromator,
and a Ti:Sapphire laser to excitate the “F7, level at awavelength of 0.75 pm. The high emission
rate of transitions originating from the “Fs+ “Hgy level relative to the *Fs, level demonstrates
the greatly reduced nonradiative multiphonon decay rate of the bromide versus the chloride®
(arising from the lower phonon energies). Strong upconversion fluorescence (e.g. due to emission
from the *Gy/, level) was observed in the bromide crystals during the laser experiments. The long
lifetime of the lower laser levels *l; (J= 11/2, 13/2) leads to reabsorption processes and self-
terminating laser activity. For these processes and for possible depopulation mechanisms we
would like to refer to our forthcoming paper.” Emission cross sections have been independently
determined for transitions from the *Fs, level and *Fs, level by using the Fuechtbauer-Ladenburg
equation®™. Here, radiative lifetimes of 208 ps (*Fs2+°Hg) and 126 ps (*F) for Nd:KPB and
214 ps (*Fsp+?Hep) and 115 ps (“Fa) for Nd:RPB were used, calculated assuming the high
temperature statistical limit for the “Fs2+*Hg. populations. Taking account of the finite
temperature yields a slightly shorter *Fs+°Hg, radiative lifetime of ~ 150 ps, based on the
crystal field assignments for the individual levels.

Laser activity for an uncoated Nd:KPB sample (I= 4.85 mm) and Nd:RPB sample (I= 7
mm) was achieved at 1.07 um in both host materials in a nearly concentric cavity with two 100
mm concave laser mirrors (high reflector transmission for the pump wavelength of ~ 0.89 um,

output coupling of ~ 3% in KPB and 7.8% in RPB for the laser wavelength). An OPO system (~




10 ns pulse length, repetition rate 10 Hz) was used as a pump source. The pump spot size in the
crystal was ~ 200 pm. While the Nd:KPC crystal showed laser activity for the *Fgn — %112
transition with the pump wavelengths 0.76 pm (*F2), 0.81 pm (*Fs2), and 0.89 pm (*Fap) in the
cavity described above, the Nd:KPB showed in our experiment lasing exclusively by pumping
the *Fs, level directly (Fig. 1). This could be explained by the difference in the measured
lifetimes of the “Fs» pumped levels of the chloride compared to the bromide crystal of 2 ps

versus 124 ps (Nd:KPB) and 126ps (Nd:RPB)*. We determined the quantum efficiency M, 10

be 0.60 (Nd:KPB) and 0.59 (Nd:RPB) by taking the ratio of the measured lifetime and the
calculated radiative lifetime (208 ps and 214 pis) for the *Fs/2+*Hg level.> These are considerably
higher values compared to the value of 0.013 reported for Nd:KPC,* again due to the lower
phonon energies of the bromides. The laser threshold with the setup described above was reached
at 4 mJ (Nd:RPB) and 1.6 mJ (Nd:KPB) incident pump energy for the 1.07 um laser wavelength.
For comparison we calculated a threshold of 0.9 mJ/pulse for Nd:KPB by assuming 40% losses
per roundtrip and by neglecting possible influence of ESA. The pump energy absorbed is~ 31 %
in Nd:KPB and 56% for Nd:RPB by pumping with E parallel to the c-axis and lasing with E ||| c.
111 pJ (Nd:KPB) and 476 pJ (Nd:RPB) output was achieved with an incident pump energy of 9
mJ/pulse (maxium intensity of pump source) and the output coupling described above. The slope
efficiency for Nd:KPB is determined from the data in Figure 2 to be 1.4 % which gives 4.5% for
the output energy with respect to absorbed pump energy. The slope efficiency for Nd:RPB is
determined from the data in Figure 2 to be 9.4 % which gives 16.8 % for the output energy with
respect to absorbed pump energy.

In addition to the laser wavelength 1.07 um the Nd:RPB crystal revealed laser activity at

0.97 um and at 1.18 pm in the same cavity as described above by also pumping the upper laser




level at 0.81 um directly (Fig. 1). Here, we used an output coupling of 0.2% for 0.97 pm and
0.5% for 1.18 um. The laser threshold was reached at ~ 6.5 mJ incident pump energy for 0.97
pum, and at 6.1 mJ for 1.18 um. 68 pJ output was achieved with an incident pump energy of 9
mJ/pulse at 1.18 um, while approximately one third the output was achieved at 0.97 pum (not
shown in figure). The pump energy absorbed is 72% for Nd:RPB by pumping with E parallel to
the c-axis. The slope efficiency for Nd:RPB is determined from the datain Figure 2 to be 2.2 %
which gives 3.1 % for the output energy with respect to absorbed pump energy. Possible
presence of ESA at ~ 1.2 um can also explain the laser activity at the peak wavelength 1.18 pm.
Tunability may well be possible at these new wavelengths resulting from the *Fs, level in the
bromide crystals (Fig. 1). We will continue our laser experiments by using a pump source with
longer pulse length in order to increase the pump energy.

We reported on Nd** doped KPB and RPB as new room temperature solid state laser
materials. Laser activity has been achieved in low phonon energy, moisture-resistant bromide
host crystals. Laser activity at 1.07 pm was achieved by directly pumping into the “F; level.
Laser operation at the wavelengths 1.18 pm and 0.97 pm resulting from the “Fs/o+*Hgo—"1;
transition (J=13/2 and 11/2) was achieved in Nd:RPB for the first time in a solid state laser
material. The nonradiative decay competes less effectively compared to the radiative rate in these
rare earth doped bromide host crystals. Higher quantum yields have been achieved in the
bromide host crystals compared to the KPC crystals for transitions from the “Fs, level into the 1,
levels in Nd:MPB (M= K, RDb), which makes lasing at new wavelengths feasible. Strong
upconversion fluorescence was observed in the bromide crystals which also makes short
wavelength lasing in these crystals possible. However, the accumulation of population in the

lower laser level favors pulsed operation over the cw mode in these rare earth doped bromide




materials, athough depopulation of the lower laser levels by cross relaxation may permit cw

operation at higher Nd concentration.
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I nscription of the Fiqur es:

1. Absorption and emission spectra of Nd** doped MPb,Brs (M=K, Rb) shows peaks assigned to

transitions of the Nd** ion. The blackbody corrected room temperature emission spectraare

obtained by excitation of the *F7, level. Compared to the K Pb,Cls:Nd**,? the more intense

fluorescence from the *Fs, level (= *Fsio+ Hgz level) due to the low multiphonon decay rate was

encouraging for achieving possible laser activity at new wavelengths.

2. Input-output characteristic for an OPO pumped Nd:KPB crystal lasing at 1.07 um and Nd:RPB

crystal lasing at 1.07 um and 1.18 pum. The slope efficiency is given for output pulse energy with

respect to absorbed pump energy. In order to achieve lasing at 1.07 pm the *F level was




directly pumped, while for the laser wavelength 1.18 pum and 0.97 um the *Fs, level was

pumped.
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Fig. 1. Absorption and emission spectra of Nd*" doped MPb,Brs (M=K, Rb) shows peaks
assigned to transitions of the Nd** ion. The blackbody corrected room temperature
emission spectra ar e obtained by excitation of the *F7, level. Compared to the

K Pb,Cls:Nd**,? the mor e intense fluor escence from the *Fs, level (= “Fso+ Hgp level) dueto
the low multiphonon decay rate was encouraging for achieving possible laser activity at

new wavelengths.
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Fig. 2. Input-output characteristic for an OPO pumped Nd:KPB crystal lasing at 1.07 um
and Nd:RPB crystal lasing at 1.07 um and 1.18 um. The slope efficiency is given for output
pulse energy with respect to absorbed pump energy. In order to achievelasing at 1.07 um
the *Fs), level was directly pumped, while for the laser wavelength 1.18 pm and 0.97 um the
*Fs, level was pumped.
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